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o s un Virly Clois 181 .
Stryctural investigaticng of .tctnu-ulutm interfeoes.

Or. A. Bewich, Professor n.n-u,u—-m and Or, 3 Nebineon,
Chemistry Department, University of Southaspton. Southaipton S0B Si, Englend.

Thres ir situ methods for the mmm of the structure of the mm region
tetween electrodes end slectrolyte solutions are discussed: Nwan m ond
modulated specular infra red reflectence wtm and :ra-ulm l-uy atffrec-
tion. It 1s shown that the structure of the solvent (mr) of sdvoroed luun- in
the double leyer and of orgenic adsorbates cen be mumly m by Raman
spectroscopy; infra red spectroscopy gives detelled mmma on the eumm; of
solvent molecules and of chemisored dpsties. Wharsed the -m give
tnformation on the molecular structure end MM in _1& R-m mm
gives deteils sbout longsr rangs ordoﬂu. !

Oret in sity Methoden zur Strukturbestismung dae mmam m Seischin
Elehtrods ung Electrolytilsung werden dishutiorts Mm -Neduiierte
IR-Spiegsireflektionsspehtroshopis und YMW s wird
gezeigt, dag die Struktur des Lisungemittale, der mm Anidndn in der
Doppelschicrt und dsr adecctiierten mﬁm Sh!h utttﬁn e mw-
bestimmt werden haon; O18 m—wnm Min m mxzm ‘Sotonimtion lnc-
Zusewmerbaliung von LEsungemittelenlendlien und ﬁpf i #
dis spektroskopischen Methoden Inforkstsdnen (ber mmm mm
geben, mx:mwmguWMh“ﬂMh '
adsorbierten Schichten.
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Flsischmenn, M., Gedirielli, C.. and Labren, N.7.6. )
Departasnt of Chenistry, The University, Southasgton. A
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The formslises for the derivetion of the grebabilities of
the states of a single (slemsntary) pore from the cbssrved
Mmmegmmm«.mmu«m.
developed in the preceding peper, s extended to cover the
transition probebilitiss Detwsen stetss of mm pore,
Thess procecures heve been agised to the veltage centrollied
sore formetion In ligid Bileyers under the astisn of alamathicin.
Orift in this systen is shuwn to e dud o the gspendunce of the
trigger rote for pore crestien/dvetrectios en ags. The
prepsrtios of the clempntary Preusss ore indiendent of age: the
clentatery presses muibite o0 WpSr Teflestiag stese (in &




» The analysis of fluctustions in the retes of
Slsctrocrystallisation of silver.

Port 11 Cosparison of experimsntal dets st

tisls th e

€. Budevaki, M. Fleischmenn, C. Gebrislli and M. Labram
Departsent of Chamistry, The Univarsity, Southampton SO SNM

It is shown that in the slectrocrystsliisstion of

_edlver on parfect single crystal faces the moments of
ﬁm@ommwmutalgmnnlww

.- Muu (where ssch layer grows following the formation
1 of o aingle nuclews] cen be interpreted as being due to
7 the tuo-dinenetonal growth of ciroular centres with 8
0 unifer prodebtlity of auclestion over the substrate
‘ m'om'apéa-mummncmmmum
‘ " plece at the edges of the cirouler centres. Muclestion
*;  1a e stetionsry state is sdequatsly described ss & Poisson
© . eplttue of the "whits notse® et low frequencies while the
 turn over fremancy st Mgher frequencies gives o messure
S of the meen 1ife t4se Of ewch trensient. The anslysts of
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Ihe _snalysis of fluctuations in the retss of slectro-

crystallisstion of silver. Part I: Experimentel Osta

E. Budevski, V. Bostanov, M. Fleischmann, C. Gabrielli

M. Labrem and W. Cbretencv.
Department of Chemistry, The University, Southampton S08 5N

Abstract

Exparimentsl data are presanted for tha electro-
crystallisation of silver on perfect eingle crystsl substretes.
At low averpotentials (whers sach laysr grows rfouuu:ln. the
formation of a single nucleus) the first four moments of the
trensients slons are evalusted (moments higher then the firet
moments sxpressed ss momsnhts sbout ﬂn .lﬁ)a the statisticel -
propertiss of snsesbles afmu sxpariments ars presented as
plots of stendard deviation divided by the mesn; deposition in
& stationsry etate is charecterised by the power spestrél
density of the depoeition proosés. The stetisticsl prepsrtiss
vie the formation of & Jargs mumber of nuclel) is cherecterised
by plets of the Wmmmmm t1m o8 woll o
by Ml of the Mm Sivided u the meen ourrent
ssstrat tiam and (tsmei ™}, A1) thees metnoss of evelustien
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The analysis of fluctuations in the rates of electro-
crystallisation of silver. Part III: Comparison of

sxperimental data st high overpotentials with wodels

E. Budevaki, M. Flesischmann, C. Gabrislli and M. Labram
Ospartmsnt of Chemiatry, Tm University, Southampton 0S8 SNH

Abstract

Transients for the slectrocrystallisation of silver
on perfect single crystal faces are interpreted for experiments
at high overpotsntisls (where sach laysr grows following the
formation of e large number of nuclei). An exact model 1s
developed for the formation of the first layer based on the
growth of circular centres, growth being limited by overlap;
the slow stags of the reaction is sssumed to be crystal growth
at ths edges of the circular centres. It is shown that
analysis according to this exact model agress clossly with @
mors approximate trestmsnt and the lattar treatmant is extended
to covar the formation of the second and third layers.
Gbeurvation of maxias and minims in plots of the standard
deviation divided by the mean current against tims are shown
to be dus to the retardation of nuclestion in succesding layers
by the growth of ths underlying deposit. It is shown that the
statistical analysis lesds to the deterwinetion of the rete of
muslestion seperetaly from the rets of crystel growth es 1 the
osse of dupssition at low ovarpetentials. The data show that
the rete of nuclestion increnses marhedly st long times although
the overell rets of the resstion remsine constent.
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UNIVERSITY OF SOUTHAMPTON

ABSTRACT

FACULTY OF SCIENCE

CHEMISTRY

‘ Doctor of Philosophy

AN INVESTIGATION OF ELECTRODEPOSITION AND ELECTROCATALYSIS
USING CARBON FIBRE MICROELECTRODES

by Martin William Bayes

Electrodeposition and electrocatalytic processes of ruthenium on carbon fibre microe-
lectrodes (radius 4-x°10°4 cm, area 5 x 10°7 cm™?) have been investigated. The use of
such small electrodes leads to increased variability in the behaviour of mctal depos-
ition transients. This variability, amongst ensembles of transients obtained under
ideatical experimental conditions can be modelled to allow access o kinetic informa-
tion aot directly svailable from conventionsl treatmeat of data from single transients
or averaged results. |
. The majority of the results reported are for the deposition of ruthenium from the
solution of its trichloride in aqueous hydrochloric acid, and concommitant hydrogea
evolution.

Potestiosiatic growth transients for » range of deposition potentials and metal ion
conceairstions are interpreted in terms of a model invoking Poissonian behaviour of
2-D and 3-D nucleative processes, followed by deterministic metal growth and
hydrogen evolution.

Beisl examples of the behaviour of other depouuon systems are aiso reported,
togsther with the results of as investigation, carried out in the lavoratory of the
project’s co-sponyors, into the electrochemistry of titanium in aqueous, acidic, fuuvride




-2 -

UNIVERSITY OF SOUTHAMPTON

ABSTRACT
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AN ELECTROCHEMICAL AND RAMAN SPECTROSCOPIC
STUDY OF SILVER AND PALLADIUM ELECTRODES
by Pierre Robert Graves

Simultaneous surface Raman spectroscopy and differemtial
capacitance measurements of a roughened silver microelectrode
in potassium chloride/pyridine solution (0.1M/0.1M) have been
employed to study the chemical and structural nature of the
electrochemical double layer. It has been shown that high
intensity laser excitation samples species normally present
on the electrode surface. When electrochemical roughening
is performed in the presence of low power laser radiation, a
Levis acid corordinated pyridine species is detected by both
techniques. This species is irreversibly desorbed at -0.2V
{(vs SCE). Correlation of capacitance and spectral dsta
suggests that pyridine reorientactes in the double layer at
=0.31V and ~0.44 (vs SCE).

Initial experiments, reported in this thesis, show that
surface enhanced Raman scattering is observed from pyridins,
coadsorbed with carbon sonoxide, on a hydrogen-saturated
palladium electrode in ‘potassium chloride solution (0.1M).

Suparsiar: (f. N Flerbnana
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X-ray Diffraction from adsorbed Iodine on Graphite

by

M. Flaischmann, P.J. Hendra end J. Robinson,
Department of Chemistry, The University, Southampton S09 SNH
England.

Oyr knowledge of surface structurs at the solid/vacuum
_interface hes been acquired largely through the application of
high vacuum analytical techniques. Unfortunately these may not
. be applied in situ to solid/liquid or s0lid/nigh pressure gas
interfaces which are of greater practical importance. Ex situ
' ' investigations have been made but it is probabls that the
transfers involved result in surface restructuring. It is there-
fore apparent that in situ techniques are required. Raman
spectroscopy’ 1s applicable but lacks versasility, whilst neutron
dufuctionz and sems’ ars promising but depenc upon & resctor
and synchrotron respectively. X-ray diffrection on the other hand
1s routinely performed and the theory is well developed though to
date it haa been assumed to be inssnsitive to surfeces. We report
here the first chssrvation of X-rey diffrection from a 2-D adsorbats,
I, on cerbon, through the use of position senaitive detection to
enhance sensitivity.




Surface Enhanced Ramsn Spectroscopy of ‘icn”
and '’cN” Adsorted at Silver Elgctrodes
M. Fleischmenn, I.R. Hill and N.E. Pasble®
Department of Chemistry, The University.
Southampton S09 SNH
*Ospartment of Chemistry. University of
Califarnis, Irvine, Californis 92717, USA.

Abstract -~

ﬂouurc'l;nto asre reportsd of the surface enhanced Remen
spectra of ‘3CN end °CN (and of isotopically labelled mixtures) .
adsorbed at silver electrodes. The spectras are shown to erise
from s cosplex species whose coordinetion nusber doss fiot changs
with slectrode potentisl. This speciss 1s mly e lu(cn,n'
onﬁty heving C, symmstry; st mv negstive potentials o
reduced form of ﬂut cosplex lmuu,lz’ coexists with the
formally Ag® species et the surface. The shifts in bend position

mmmummawmmmmm«
the adeorbed CN~ spsciss. | The spectrum of weter coadsorhed with
CN” 18 elso merkedly dependent on the sharge qensity of the
.Mcn'mu. - C




lafre Bed Spectresceny of the Electreds-Electrelyte Iaterphase
A. Bovick, K. Suniveton and B.5. Pess. Electreshintes Aota 38 (1990) 405.

Mesults frem firet superineats uug i site electro-

A. Bevick and K. Bwaissteu, . Sei. 3 191

A siaple specular reflectence sethed is descrided for

indicating the existence of discrete water structures,
ressabling smsll clusters of water selecules, Ia the
ianer regies of the double laper st platiaun sand
olostredes. Prelisisary dats are aslee givea fer
adsorbed hydregen @i a platimmm electrede.

IR vibrationsl Spectrosespy ef Spucies ia the Electrode-Electrolyte
Solutiso istexphyse

A. Bovich, K. Bunimutsu, J. Robiscen and J.¥. Ruseel}

J. Blectreanal Chem., 119 (1081) 178
Nydrogen edeothed @8 3 Mt um from 1N N80, was favestigated

‘ soepic propettios of senkiy and streagly bound hydregea were shews
to bo atribhingly diSfovent. Veskly buund hydregee hohaves lihe a
mum“muwummn-g 1/8 arsed




Blecty ties o 3 s Pt-Rlect - : 16
Svidease Sor Adperbed OO species
5. Deden, A. Bowick, K. Eunisateu and C. Lamy.

4. Blectrossal. Ches. 131 (1981) 343

In situ electrochenieslily modulated IR spectroscopy is
uaed to identify the adsorbed imterwedistes formed during
electrosorption of methanol at a Pt electrode ia sguecus
sulphuric acid. Vibratioaal spectra from two differeat
(CO) 4e -poetu were observed: a stromg band at about
2070 cn~! Wmm.ltunlywco-mtu
and & weaker band at shout 1850 ca~! corresponding to s
dbridge bonded CO species. The positioa of the former
band is stromngly poteatial depeadent, being at higher
energy at more positive values of the electrod poteatial,
and thus the obasrved band has a bipolar shapc in these
medulation exper ts. Mo spectroscopic evidence for
(eat)“. was obta 4

Structural investigation by isfrs red spect mm of sdsorbed
hydrogen on platinum

A. Dowick and J.¥. Bussell. J. Blectroansl. Chem. 132 (1982) 329

The formation of weskly dbound hydroges on & polycrystalline
platinua electrode was found to be aasociated with the
appearasnce of a sumber of IR sbsorption baands in the rasge
1.60m to 7.8un. Spectra from aquevus acid electrolytes,
fully deuterated systems and mised N30 /D30 systess were
saslysed. The band sscignnents aad their relative
intensities lead to & medel for veskly bound hydrogea ia
which the hydroges atom 1s bendsd to a particeular water
structure. 7The enhanced intemsities of combisatioca bands
‘are sscribed to the eoffect of the ifntense electrical field .
ia the electrical douwble layer.

. Dowteh end 2.V, Ruseell. g__w& (sovepted for
" publicstion)
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M. FPLEICIHMANN, J. ROMNGON sné B, WASER®
_ Chomigtry Dapertmont, Univanity of Southampion, Ssuthompion $00 SN1 (Englnd)
(Bassisd 200 duy 1000)

oy

‘The potestisl waummuw
" smd polycryitaliis silver slectrodes in the ahesnce of specilic aduesption
(sodims Sucuide and soditis sulpists slectzolyten) hes besn extensively inves-

" uiguted i pesent yosts [1,3] (snd relerences quoted thareia). Thave hove aho
been & number of double-layer stadies of the specific adsoiption of helide fons

trodes {4) ﬁhuMd pytidine has busa investigated by spestve-
, - Sotometry [5) snd by. 3 1edio trucer method (6).







